in solution), and they postulated that these helices might be used for heterodimerization. They showed that these helices are crucial for Tip20p-Dsl1p complex formation in vitro; unfortunately, the complexes did not crystallize. When they cleverly used a construct in which the first 36 amino acids of Dsl1p (which are disordered in the Dsl1p crystals) were replaced by the N-terminal helix (residues 1-40) of Tip20p and a short linker, they were able to obtain diffracting crystals. In this pseudo cocrystal structure, the Tip20p region forms a helix that is antiparallel to Dsl1p's N-terminal helix, suggesting an elongated tip-to-tip interaction that could tether vesicles at a distance (see Figure 6 of ref. 1) .
Can the Dsl1p complex be a useful paradigm for all helical bundle subunit interactions-is this tip-to-tip binding mode a conserved mechanism for protein-protein interactions between subunits? Intriguingly, no other structures of the extreme N-terminal ends of other helical bundle tethering complexes have been determined; these regions may be natively unfolded in the absence of their binding partners and were therefore removed by limited proteolysis before crystallization. Further biochemical experiments and cocrystal structures are necessary to address this possibility.
If these complexes function just to tether membranes, one of the most puzzling aspects of the helical bundle tethering complexes is why most of them, Dsl1p being the exception, are composed of many (four to eight) large subunits? And why does the Dsl1p c omplex need only three subunits? The most likely answers are that these complexes perform a range of functions and that Dsl1p carries out only a subset of them. The dogma in the field is that these complexes are responsible for vesicle tethering. The complexes have little or no ability to bind membranes directly, but interact specifically with
Tip20p reaches out to Dsl1p to tether membranes

Mary Munson
Large, multisubunit complexes have been implicated in tethering transport vesicles to organelle membranes before membrane fusion. New structures add to the growing list of tethering complexes that contain conserved helical bundle structures and provide a first glimpse of how these complexes are assembled.
Eukaryotic cells are crowded with functionally distinct membrane-bound compartments and vesicles that transport protein and lipid cargo between them. How does the cell ensure that each vesicle fuses with the proper organelle membrane? One strategy is the use of tethers-proteins or protein complexes that specifically bind to both the correct vesicle and its target membrane and bring them together. Two general types of vesicle tethers have been identified: elongated coiled coil proteins and large multisubunit tethering complexes. Although progress has been made in defining the structures of individual tethering subunits, the mechanism(s) of the large vesicle tethering complexes cannot be understood without higher-order complex structures that reveal how the subunits assemble and function together. On page 114 of this issue, Tripathi, Ren and co-workers show us the first high-resolution view of how subunits from a helical bundle tethering complex can associate with each other 1 .
This new study focuses on the Dsl1p complex from yeast, which contains the subunits Dsl1p (ZW10 in mammals), Tip20p (RINT1 in mammals) and Sec39p/Dsl3p (no Sec39p homolog has been identified in mammals). The Dsl1p complex functions in the retrograde trafficking of COPI-coated vesicles from the Golgi complex to the endoplasmic reticulum (ER) 2 . Dsl1p is one of eight multisubunit tethering complexes required for intracellular membrane trafficking ( Fig. 1 ; reviewed in refs. 3-5): TRAPP I (ER to Golgi); COG (retrograde intraGolgi); TRAPP II (intra-Golgi and endosome to late Golgi); CORVET (late Golgi to endosome); HOPS (endosome to vacuole and homotypic vacuole); GARP (endosome to late Golgi); and exocyst (exocytosis and recycling of endocytic vesicles). Although they have limited sequence similarity, several COG and exocyst subunits have been shown to possess conserved helical bundle structures [6] [7] [8] [9] ; the remaining COG, exocyst, GARP and Dsl1p complex subunits are predicted to have similar structures 10, 11 . Notably, the TRAPP I and II subunits are structurally distinct from the exocyst and COG subunits 12, 13 , and the sequences of HOPS and CORVET seem to be distinct from either the exocyst, COG or TRAPP subunits. Here these new structures of Dsl1p (residues 37-355, out of 754) and full-length Tip20p (residues 1-701) reveal that they indeed have helical bundle structures similar to the exocyst and COG subunits (Fig. 1) , suggesting a common evolutionary origin for these complexes.
Little is known about how helical bundle proteins assemble together and function in membrane trafficking. Only TRAPP I has been crystallized as a complex 12, 13 , and the lack of structural similarity between this complex and the others precludes modeling of the higher-order structures of the other complexes. Assembled exocyst and COG complexes have been observed by quick-freeze/deep-etch EM imaging, but only at low resolution 14, 15 . Qualitative in vitro binding experiments with several of the exocyst subunits suggested that they may interact in a side-to-side fashion 7 (see model for the complex in ref. 16 ).
The Dsl1p complex subunits, however, seem to use a novel interface to mediate association with each other 1 . While determining the structures of the subunits individually, the authors observed that long α-helices near the N termini of both Tip20p and Dsl1p homodimerize in the crystals (although not n e w s a n d v i e w s other proteins, including Rab and Rho GTPases, coat proteins, Sec1/Munc18 proteins and SNARE (soluble N-ethylmaleimide-sensitive factor attachment protein receptors) proteins in the membranes (reviewed in refs. [3] [4] [5] . These interactions suggest a vesicle tethering function, as has been observed for TRAPP I (ref. 17) , HOPS 18 and the elongated coiled coil tethers (reviewed in refs. 3,19) . Surprisingly, however, there is no direct evidence of a tethering function for any of the helical bundle complexes. The availability of purified Dsl1p complex components should greatly facilitate the future development of in vitro tethering assays.
Biochemical and genetic evidence, on the other hand, does implicate these complexes in the regulation of SNARE complex assembly (for review, see refs. 3,4). SNARE proteins are present on the vesicle and target membranes and are core components of the membrane-fusion machinery. The SNARE proteins cannot generate specificity wholely by themselves; a mechanism for controlling fusion specificity, therefore, is to regulate the assembly of specific SNARE complexes. The helical bundle tethering complexes have each been shown to interact with cognate SNARE proteins, and here Tripathi, Ren et al. show direct interactions of Tip20p and Sec39p with the ER SNAREs Sec20p and Use1p, respectively 1 . It will be interesting to see whether the Dsl1p complex binds only to individual SNAREs or also to SNARE complexes, and if these interactions have any effect on the rate and/or specificity of SNARE complex assembly and membrane fusion. Moreover, it is possible that the Dsl1p complex also interacts with other regulators to carry out its function(s), including the Sec1/Munc18 homolog Sly1p and a putative Rab GTPase, although this partner remains to be identified. Similar interactions have been observed for other tethers, although the precise mechanisms of regulation have yet to be worked out.
These Dsl1p-Tip20p studies provide a good start toward answering many important questions about the structure and function of the tethering complexes. Do these complexes actually tether membranes? If so, is the tethering a passive or an active process? How do these complexes regulate SNARE complex assembly? What other functions do these complexes have? How do the complexes assemble and disassemble? Where do assembly and disassembly take place (on which membranes, or in the cytosol)? What factors trigger the assembly and disassembly processes? These questions are not just structural, but also cell biological and biochemical. The key will 
Dsl1p complex
Kim Caesar n e w s a n d v i e w s be more complex structures, combined with in vitro functional assays to reconstitute complex assembly, disassembly, membrane tethering, SNARE complex assembly and so on, as well as in vivo mutagenesis and cell biological analyses. It will be exciting to see the structures and functions of these complexes revealed in the near future.
